A single-mass plane system subjected_ to symmetric restoring forces can strongly oscillate in the direction which is free from the external excitation. The raising oscillation is called the connected one. This phenomenon exists only in nonlinear systems under certain resonance conditions and was first investigated by Kononenko
In this paper the conditions, under which the connected oscillations occur, will be considered by means of the method of small parameter. The amplitude of the connected oscillation will be determined by the asymptotic method of nonlinear dynamics.
l. Statement of problem. Equations of motion
Let us consider a single-mass plane system shown in Fig. 1 , where the springs are located symmetrically and the external force f sin( wt +a) is directed along the y-axis. Due to the symmetry of the springs, in the Taylor's expansion of the potential energy U of these springs the odd terms relative to the coordinates x and y are absent: Using the Lagrange's equations and taking into consideration the friction forces and external excitation one can write the equations of motion of the mass mas [2] :
where we limit ourselves by nonlinear terms lower than four relative to x and y; i.e. we consider only small oscillations of the mass m, and Hi are positive viscous clamping coefficients, I and w are the intensity and the frequency of the external force, a is its initial phase.
Assuming that the nonlinear terms and the friction force H 1 x in (1.1) are small and introducing a small positive parameter c, which will be set to unity after calculations, we can write equations (1.1) in the form
Here /i and a can be positive or negative.
Obviously, equation (1.2) have partial solution
which corresponds to the motion of the mass m only along the y-direction. This is natural for linear system, because then two equations of (1.2) are separate
The oscillation of the coordinate y does not influence on the coordinate x and this coordinate will be at rest. The situation is changed for the nonlinear system described by equation (1.2) . Under certain resonance conditions the oscillation of x-coordinate arises and sometimes becomes more strong than that of y-coordinate.
In the next paragraphs we will clear up these conditions. It is noted that in the case x = 0, they-coordinate satisfies the Duffing's equation
(1.5)
The initial phase a can be chosen so that the solution of (1.5) has a simple form
where R and a are determined by equations lo R= 3 ' In order to study the stability of the solution (1.4):
of equations (1.2), we consider their arbitrary solutions x, y which are deviated from (2.1) and are presented in the form: (1.2) is asymptotically stable. If at least one of u and v grows infinitely when t ~ oo, then the solution (2.1) is unstable. So, the problem on the stability of the solution (2.1) leads to the problem on the stability of the zero solution u = v = 0 of the corresponding equations for u and v. These equations can be obtained by substituting (2.2) into (1.2). We have
where the non-written terms are at least second degree in (u, v) , so that all linear terms are explicitly shown.
Assuming that there is a resonance relationship between ,\ 1 and w: . It is easy to prove that these indexes for non-critical characteristic roots have negative real parts. Hence, the stability of zero solution of (2.3) depends only on the sign of the real parts of characteristic exponents of corresponding critical roots ±iw.
We use the following change of variables The stability condition for the solution u = v = 0 is Rea 1 < 0, or the same
If this condition is satisfied, the zero solution of equations (2.3) and therefore the solution (2.1) of equations (1.2) will be asymptotically stable and there will be no oscillation of mass m in x-direction. We will consider the case, when the condition (2.8) is not satisfied. The oscillation of the mass min x-direction may be occurred. The determination of the amplitude of this oscillation and the study of its stability will be given in the next paragraph.
Oscillations of the mass m in x-direction
Coming back to the equations (1.2) with resonance condition (2.4) and using the transformation of variables (3.6)
The phase <p 0 is determined by the formula { -4h1w
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To study the stability of the solution a 0 , <p 0 of (3.4) we let in which
The variations ~ and T/ satisfy the following equations of the first approximation By the rule stated in [3] , it is easy to identify the stable branches of the resonance curves, basing on the expressions (3.6) and (3.9).
It is noted that, the expression (3.6) can be written in the form The dependence on n of the amplitude a 0 of oscillation of the x-coordinate is given in Fig. 2 
